No association of polymorphisms in the serotonin transporter gene with thermal pain sensation in healthy individuals by unknown
MOLECULAR PAIN
Schaldemose et al. Molecular Pain 2014, 10:76
http://www.molecularpain.com/content/10/1/76RESEARCH Open AccessNo association of polymorphisms in the serotonin
transporter gene with thermal pain sensation in
healthy individuals
Ellen Lund Schaldemose1*, Emilia Horjales-Araujo1, Ditte Demontis2, Anders D Børglum2, Peter Svensson3,4
and Nanna Brix Finnerup1Abstract
Background: Recent studies have suggested an association between genotypes affecting the expression of the
serotonin transporter and thermal pain perception and the thermal grill. The aim of this study was to investigate
differences in thermal and mechanical pain perception and the thermal grill in two groups of healthy volunteers
according to their genotype, associated with either high (n = 40) or low (n = 40) expression of the serotonin
transporter and according to gender. Cold and warm detection and pain thresholds, pressure pain threshold and
cold, warm and pain sensations to single or alternating stimuli with cold (20°C) and warm (40°C) temperatures
(known as the thermal grill) were determined. In addition, intensity of ongoing pain and area and intensity of
pinprick hyperalgesia in the secondary hyperalgesic area following topical application of capsaicin and vehicle
control (ethanol) were determined.
Results: No significant differences in detection and pain thresholds for cold and warm temperatures, presence of
paradoxical heat sensation, pressure pain threshold and pain responses to suprathreshold thermal stimuli were
observed. There was also no difference in capsaicin-evoked ongoing pain and secondary hyperalgesia between the
two genotype groups (p >0.4), also when subdivided by gender (p >0.17). In addition, there were no significant differences
in the perception of the thermal grill between the two genotypes (p >0.5), also when subdivided by gender.
Conclusions: Genotypes associated with high or low expression of the serotonin transporter were not associated with
thermal pain thresholds, pressure pain threshold, pain after capsaicin application or responses to the thermal grill.
The present results do not support that the investigated genotypes play a major role in thermal pain perception among
healthy individuals.
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Pain is a subjective experience that is influenced by a
combination of factors such as gender, genes, emotions,
sensations and culture [1,2], and its expression therefore
varies widely between individuals [3].
One of the neurotransmitters that has been associated
with pain is serotonin (5-hydroxytryptamine, 5-HT) [4].
An important regulator of 5-HT signaling is the serotonin
transporter (5-HTT), which removes 5-HT from the* Correspondence: ellenklund@studmed.au.dk
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article, unless otherwise stated.synaptic cleft through reuptake and terminates the extra-
cellular signaling [5]. Recent studies have demonstrated
associations between polymorphisms in the serotonin
transporter gene that affect the expression of the 5-HTT
and pain modulation [6-8], response to the opioid remi-
fentanil [9] and thermal pain sensitivity [10]. In humans,
the 5-HTT is coded by a single gene (SLC6A4) located on
chromosome 17. The promoter region of the gene encom-
passes a polymorphic region with a 44-bp insertion/dele-
tion of a C/G-rich variable number of tandem repeat
sequence, referred to as the 5-HTT linked polymorphic
region (5-HTTLPR). This insertion/deletion generates a
long (L) or a short (S) allele. The S-allele is related toentral Ltd. This is an Open Access article distributed under the terms of the
/creativecommons.org/licenses/by/4.0), which permits unrestricted use,
, provided the original work is properly credited. The Creative Commons Public
mons.org/publicdomain/zero/1.0/) applies to the data made available in this
Schaldemose et al. Molecular Pain 2014, 10:76 Page 2 of 9
http://www.molecularpain.com/content/10/1/76lower transcriptional efficacy of the gene and thereby de-
creased expression of the 5-HTT. Furthermore, a single
nucleotide polymorphism (SNP), labeled rs25531, located
in the promoter region of SLC6A4 is known to alter the
degree of expression [11,12]. This SNP consists of an A to
G substitution. The G-allele is most frequently coupled to
the L-allele of the 5-HTTLPR and is suggested to reduce
the transcriptional efficacy to levels analogous to the
S-allele. The 5-HTTLPR together with rs25531 is termed
the “triallelic” 5-HTTLPR and is functionally divided in
individuals having genotypes known to be associated with
high (LA/LA), intermediate (LG /LA, LA /SA) or low
expression (SA/SA, LG/SA, LG/LG) of the 5-HTT.
In a previous study, low 5-HTT expression was associ-
ated specifically with decreased sensitivity to heat and cold
pain, i.e. increased thermal pain thresholds, in 44 healthy
volunteers [10]. However, a subsequent study from the
same group in 45 healthy subjects failed to find a difference
in heat pain thresholds between those with low and those
with high 5-HTT expression [6]. The low 5-HTT express-
ing group had lower pain ratings to heat stimuli of 46°C,
but not to 47°C and 48°C, and the difference was not statis-
tically significant [6]. While Potvin and colleagues [13]
failed to find a relationship between the 5-HTTLPR and
thermal pain thresholds in 60 healthy participants and 58
fibromyalgia patients, Hooten and colleagues [14] reported
higher heat pain thresholds in 277 chronic pain patients
with the intermediate expression genotype compared with
a high expression group.
Since the relationship between thermal sensitivity and
5-HTT expression remains unclear, we aimed to investi-
gate the association between polymorphisms in the trialle-
lic 5-HTTLPR and different sensory characteristics in a
larger group of 80 healthy non-depressed individuals.
Thermal thresholds can be assessed using quantitative sen-
sory testing (QST). In addition, capsaicin (the substance re-
sponsible for the burning sensation in “hot” chili peppers),
can be used as a model of acute thermal pain. Capsaicin
activates the transient receptor vanilloid 1 (TRPV1) recep-
tor expressed in subtypes of C-fiber nociceptors and Aδ fi-
bers [15] producing both primary and secondary
hyperalgesia as well as allodynia to heat and mechanical
stimuli [16,17]. The so-called ”thermal grill (TG) illusion”,
first demonstrated by Thorsten Thunberg in 1898, is a
thermal phenomenon of heat or itching cold and eventu-
ally pain elicited by touching the skin with juxtapositioned
innocuous warm and cold bars [18,19]. Studies in healthy
volunteers have shown large inter-individual differences,
with almost one-third reported to be low or poor
responders [20,21]. This difference is suggested to be due
to common genetic variations among the volunteers, e.g.
in 5-HTTLPR [10]. Lindstedt and colleagues found a
gender-by-genotype interaction with significantly lower un-
pleasantness ratings to the TG in females in a low 5-HTT-expression group compared with females in a high expres-
sion group [10].
The overall aim of the present study was to investigate
differences in selected sensory parameters in participants
with genotypes associated with high or low expression of
the 5-HTT. Based on former studies we chose to asses
thermal detection and pain thresholds, pressure pain
threshold, pain response to topical application of capsaicin
and ethanol (control) and sensory responses to the TG in
80 healthy, non-depressed individuals [10,14]. In addition
the aim was to examine possible gender specific
differences. We hypothesized that participants with low-
expressing 5-HTT genotypes have higher heat and cold
pain thresholds and decreased pain responses to thermal
stimuli, capsaicin and the TG.
In summary, detection and pain thresholds for cold
and warm temperatures, pressure pain threshold, pain
ratings of topical application of capsaicin and the sensory
dimensions of the TG were determined.
Results
Forty participants were included in each group (19 women
in the low expression group and 20 women in the high
expression group) (Figure 1). No participants dropped
out. There were no significant demographic or clinical dif-
ferences between the two groups (p >0.67, t-test)
(Table 1).
Quantitative sensory testing
No significant differences in detection and pain thresholds
for cold and warm temperatures were observed between
the two genotype groups (p >0.41, Mann Whitney U-test)
(Figure 2, Table 2). Additionally, no differences were found
in baseline skin temperature (p =0.47, Mann–Whitney
U-test), pressure pain threshold (p =0.41, Mann–Whitney
U-test) and number of paradoxical heat sensations
(p =0.64, Pearson’s χ2 test). We found no significant differ-
ences in the above-mentioned parameters when the groups
were divided by gender (p ≥0.27 (males); p ≥0.34 (females)).
Suprathreshold
Temperatures at 15°C, 25°C and 35°C were not rated as
painful and were therefore not analyzed. We found no sig-
nificant differences in pain ratings at 5°C, 42°C and 45°C
(p >0.14, Mann–Whitney U-test). Additionally there were
no differences when the participants were divided by
gender and genotype. χ2 tests were conducted for the
temperature descriptions at the specific temperatures: 5°C
(freezing cold and cold), 15°C (cold and neutral), 25°C
(cold and neutral), 35°C (neutral and hot), 42°C (hot and
burning hot) and 45°C (hot and burning hot). We found
no significant differences between the two groups except a
more neutral ranking (instead of warm) at 35°C in the low
5-HTT expression group (p =0.02, χ2 test). There were no
Figure 1 Flowchart of recruitment.
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gender and genotype (p ≥0.29 (males); p ≥0.31 (females)).
Thermal grill
Figure 3, A-C shows pain, cold and warm intensities (on a
0–100 Visual Analog Scale (VAS)) at 32°C, 10°C, 40°C and
TG (10°C/40°C) grouped by genotype. At any givenTable 1 Demographic and clinical characteristics of participan
Low 5-HTT e
Demographic characteristics
N (men:women) 40 (21:19)
Age, mean ± SD (minimum-maximum), year 25 ± 2.3 (19–3
Clinical data
Major depression inventory (MDI)
MDI score mean ± SD (minimum-maximum) 5.5 ± 3.0 (0–13
Moderate or severe depression, N 0
General anxiety disorder (GAD)
GAD score mean ± SD (minimum-maximum) 3.1 ± 2.9 (0–13
Doubtful anxiety disorder 2
at-test.
MDI scores: 0–21 = “no depression”, 26–30 = “moderate depression”, 31 or more = “s
GAD scores: 0–7 = ” no anxiety disorder”, 8–14 = ” doubtful anxiety disorder”, 15–1
30–50 = ” severe anxiety disorder”.temperature there were no significant differences in the
VAS ratings of pain or temperature between the two geno-
type groups (p ≥0.15, Mann Whitney U-test). When
divided by gender we still found no differences (p ≥0.14
(males); p ≥0.14 (females)). No significant differences were
found in the temperature descriptions between the two
groups overall or when dividing by gender and genotype
(p ≥0.22 (both); p ≥0.15 (males); p ≥0.14 (females)).
To elucidate any difference in the TG response between
the genotype groups, we compared TG responders with TG
non-responders. We defined participants to be responders
in two ways: 1) participants who rated the TG condition but
not 40°C stimuli as burning hot and/or 2) participants
having a higher VAS pain rating in the TG condition
compared with stimuli of 10°C or 40°C (Table 3). We also
found no significant differences between the groups when
dividing by gender and genotype (p >0.16, Fisher’s exact).
Capsaicin and ethanol
Application of capsaicin to the skin evoked moderate
levels of pain and unpleasantness in all participants
(VAS mean pain to 28-min capsaicin application: 23
(5.5-43); VAS mean unpleasantness to 28-min capsaicin
application: 31.5 (17–45)). The control condition (ethanol)
elicited no pain and very low levels of unpleasantness
(VAS mean pain to 28-min ethanol application: 0 (0–0);
VAS mean unpleasantness to 28-min ethanol application:
0 (0–0)). We found no significant differences in VAS area
under the curve neither for pain nor for unpleasantness
between the two genotype groups (Table 2), also when
subdivided by gender and genotype (p ≥0.34 (both);
p ≥0.21 (males); p ≥0.17 (females)).
Pinprick, brush stimuli and area of hyperalgesia
There was no brush allodynia following the capsaicin ap-
plication. We found a significantly larger area of pinprickts
xpression High 5-HTT expression P-value
40 (20:20) 0.82a
1) 25 ± 2.4 (19–32) 0.67a
) 5.3 ± 3.1 (0–13) 0.74a
0
) 3.1 ± 2.2 (0–7) 0.93a
0
evere depression”.
9 = ” mild anxiety disorder”, 20–29 = ” moderate anxiety disorder”,
Table 2 Baseline QST, sensory intensities following capsaicin/
pinprick stimuli in the secondary hyperalgesic area following
Low 5-HTT expression
Skin temperature, °C 32.10 (30.95-32.3)
Quantitative sensory testing
CDT, °C 30.49 (29.65-30.87)
WDT, °C 34.19 (33.65-35.42)
CPT, °C 8.3 (0.0-16.2)
HPT, °C 45.59 (43.44-48.05)
PPT, kPa 506.5 (423.5-678.5)
PHS, N/N 2/40
Sensory intensities following capsaicin/ethanol, VAS area under the cur
Capsaicin
Pain, cm2 262.8 (29–508)
Unpleasantness, cm2 437.8 (251.3-825.8)
Ethanol (control)
Pain, cm2 0 (0–0)
Unpleasantness, cm2 0 (0–0)
Area of hyperalgesia
Capsaicin, cm2 3 (0–10)
Ethanol (control), cm2 0 (0–0)
Pinprick
Capsaicin
Pain, VAS 0 (0–8)
Unpleasantness, VAS 9 (0–22.5)
Ethanol (control)
Pain, VAS 0 (0–0)
Unpleasantness, VAS 0 (0–5.5)
aMann–Whitney U-test, bFisher’s exact test.
Data are presented as median (interquartile range). CDT cold detection threshold, W
threshold, PPT pressure pain threshold, PHS paradoxical heat sensations. Numbers o
Figure 2 Thermal detection and pain thresholds, divided by
triallelic 5-HTTLPR. CDT: cold detection threshold; WDT: warm
detection threshold; CPT: cold pain threshold, HPT: heat pain threshold.
Boxes: interquartile range, whiskers: 10% and 90% percentiles. No
significant differences between groups (p >0.4 Mann–Whitney U-test).
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ethanol application (p <0.001, Wilcoxon signed-rank test),
but no difference between the genotype groups (p ≥0.37,
Mann–Whitney U-test) (Table 2). Additionally we found
no difference in intensity of pinprick hyperalgesia (Table 2).
Discussion
Our main findings were that thresholds to thermal pain
sensitivity and pain intensity and pressure pain threshold
were not associated with the triallelic 5-HTTLPR. In
addition, we found no differences in spontaneous pain
and secondary hyperalgesia and allodynia following capsa-
icin application and no difference in the TG assessments
between participants with low and high 5-HTT expression,
even when dividing into females and males. Interestingly,
these results appear to be in contradiction to a previous
study indicating that a cautious position should be taken
when exploring associations between specific genotypesethanol, and area of hyperalgesia and responses to
capsaicin/ethanol



















DT warm detection threshold, CPT cold pain threshold, HPT heat pain
f PHS are presented as responders/participants.
Figure 3 Pain, cold and warm intensities during the Thermal Grill testing, divided by triallelic 5-HTTLPR. Intensity of pain (A), cold
(B) and warm (C) (VAS 0–100) to stimulation with 32°C, 10°C, 40°C and TG (10/40°C). Boxes: interquartile range, whiskers: 10% and 90% percentiles.
No significant differences between groups (p >0.5, Mann–Whitney U-test).
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be undertaken before any conclusion can be made.
Lindstedt and colleagues reported a significantly reduced
sensitivity to heat and cold pain in a low 5-HTT expres-
sion group (n = 21) compared with a high expression
group (n = 23). Additionally, they found a gender-by-
genotype effect with lower unpleasantness ratings to the
TG in low 5-HTT expressing females compared with high
5-HTT expressing females [10]. During the TG, we did
not assess unpleasantness, but we found no difference in
thermal and pain ratings to the TG between the groups,
also not in females. The initial burning sensation of capsa-
icin is comparable to heat-induced pain [22]. We found no
difference in pain ratings for capsaicin between the
genotype groups. Additionally, we observed no difference
in the area and intensity of secondary pinprick hyperalge-
sia, suggesting no difference in the extent of central
sensitization. Our study population was slightly younger
than the healthy controls included in the mentioned study,Table 3 Thermal grill responders
TG responders Low 5-HTT expression
Thermal grill burning hot
TG responder 10 (7 females)
TG non-responder 30 (12 females)
Thermal grill painful
TG responder 10 (5 females)
TG non-responder 30 (14 females)
aFisher’s exact.
Number of TG responders defined either by 1) participants ranking TG condition (a
during the TG condition than during 10 or 40°C.and it is possible that the discrepancy might be explained
by age-related changes in thermal pain perception. How-
ever, we find this unlikely, since the difference in age was
small, and we found no tendency in our material that went
in the same direction as the results in the Lindstedt study.
Our results are thus in accordance with other studies that
have failed to find a reduced sensitivity to heat and cold
pain in the low 5-HTT expression group [6,9,14].
In previous genetic studies associating polymorphisms
in the serotonin transporter gene with heat pain in
healthy individuals, the number of involved participants
in each genotype group have been around 20 (12–25
participants) [9,10,13]. To the best of our knowledge,
this is the first report testing the hypothesis in a consid-
erably larger sample. Even though our sample size is
higher than in previous studies, it is still a rather low
number when considering that we are working with a
polygenic trait in which each contributing genetic variant
may only contribute little to the resulting phenotype. TheHigh 5-HTT expression P-value
6 (3 females) 0.40a
34 (17 females)
5 (2 females) 0.52a
35 (18 females)
nd not 40°C) as burning hot and 2) participants having higher pain ratings
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pain-related tests in this study does therefore not exclude
that genotypes affecting the expression of the serotonin
transporter are associated with the investigated traits. The
lack of significant association could be due to a low effect
size of the investigated genotypes on the traits, which might
only reveal a significant association in a larger sample.
To our knowledge this is the first study investigating the
association of the pressure pain thresholds and polymor-
phisms in the serotonin transporter. We did not find an as-
sociation indicating that differences in mechanical pressure
pain thresholds is associated with the triallelic 5-HTTLPR.
This is possible because variations in many genetic
polymorphisms affects the pressure pain threshold or sim-
ply because difference in genotypes affecting the 5-HTT
expression has no influence on pressure pain threshold.
We did not control for the women’s menstrual phases
which possible could lead to higher variable data for the
female participants. It is suggested that women’s pain sen-
sitivity fluctuate with the menstrual phases, with a higher
pain threshold in the mid-follicular phase compared with
the luteal phase. Studies testing different pain characteris-
tics found no significant intra-individual difference in
thermal pain thresholds between the luteal, midfollicular
and ovulatory phase ((n = 11), (n = 32)) [23,24]. Since the
number of women in the two groups is the same and it is
likely that the distribution of menstrual phases is balanced
[10] and the fluctuation in pain sensitivity is relatively
small [25] the possible effects of the menstrual phases on
the difference in pain thresholds are small.
Pain sensation should be considered a polygenic trait,
and many genes are involved in the regulation of nocicep-
tive activity. Differences in regulation could therefore be
affected by genetic variations in coding and regulatory re-
gions of many genes as well as their mutual interaction.
Besides the genetic variation that affects the expression of
the serotonin transporter, genetic variability in different
subtypes of serotonin receptors have also been suggested
to be involved in pain regulation. For instance, low expres-
sion of the 5-HT1A-receptor and different SNPs in the
receptor gene (HTR1A) have been associated with altered
thermal pain thresholds in 49 healthy volunteers [26]. In
34 patients with polyneuropathy, it has been suggested
that variations in the gene coding for the 5-HT2c-receptor
are associated with differences in the pain-relieving effect
of escitalopram [27]. Because of the interaction of the
serotonin transporter and serotonin receptors, it is most
likely that thermal pain sensation is affected by many
genetic polymorphisms in the pain-regulating pathways.
Furthermore, the study by Horjales-Araujo et al. [7] has
demonstrated that environmental factors/external emo-
tional stimuli can affect the perception of pain, which also
states that gene-environment interactions may influence
pain sensation thresholds.Conclusion
We found no association between thermal pain thresholds,
pressure pain thresholds, pain after capsaicin application,
response to the TG and polymorphisms in the triallelic
5-HTTLPR. While the expression of the serotonin trans-
porter may still be of importance in shaping the clinical
manifestations of thermal pain, the present results also
indicate that the gene-environment interaction of pain may
be more complex than a single pain candidate gene.
Methods
Participants
A total of 80 healthy participants were selected on the
basis of their polymorphism in the serotonin transporter
gene from a genetic database of 380 individuals. The par-
ticipants had been genotyped for the triallelic 5-HTTLPR
in a previous study and had given consent to be contacted
for future studies [7]. Forty participants with low expres-
sion genotypes of the serotonin transporter (SA/SA, LG/SA,
LG/LG) and 40 participants with high expression (LA/LA)
of the gene, were included in the study (Figure 1). Other
inclusion criteria were age between 18 and 39 years and
Scandinavian descent [7]. None of the included partici-
pants had any known neurological, psychological or car-
diovascular disorder or chronic pain condition, used
regular medicine (except contraceptives), were smokers or
were pregnant. We did not obtain information on the
women’s menstrual cycle. The study was approved by the
local ethical committee (1-10-72-165-13), the Danish Data
Protection Agency (2007-58-0010) and conducted accord-
ing to the Declaration of Helsinki II. The participants gave
their written informed consent and received 500 DKK as
compensation.
Study design
The participants completed the General Anxiety Disorder
(GAD) questionnaire and the Major Depression Inventory
(MDI) [28]. Quantitative sensory testing, the sensory
dimensions of the thermal grill illusion and pain and
unpleasantness caused by application of capsaicin were
examined. All tests were performed randomly on the
participants’ right or left ventral forearm and by the same
investigator. Both the investigator and the participants
were blinded for the genotype of the participants.
DNA analysis
DNA analysis was done as part of previous studies [7,29].
In short, participants’ DNA was extracted from saliva
collected using an OC-100 kit (DNA Genotek Inc, Ontario,
Canada). To determine the triallelic 5-HTTLPR genotype,
PCR reactions were carried out in a total volume of 25 μl
using the GoTaq® Hot Start Polymerase (Promega,
Wisconsin, USA) and 80 ng of genomic template. The
forward primer sequence was 5′-CTCTGAATGCCAGC
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ACCTAGACGC-3′. Samples were amplified (Gene Amp,
PCR System 9700, Applied Biosystems, California, USA)
by 2-step PCR consisting of an activation step of 2 min at
94°C, followed by 35 cycles of 30 s denaturation at 93°C,
and an annealing and elongation step for 1 min at 62°C,
followed by a final elongation step of 10 min at 72°C. Re-
spectively, the L-allele and S-allele of the 5-HTTLPR yield
a product of 529 bp and 486 bp. Fragments were visualized
with UV after 45-min separation at 80 V on a 2.5% agarose
gel. To determine the rs25531 polymorphism, 10 μl of the
PCR product was digested for 2 h at 37°C with 1 μl MSP1
(New England Biolabs, Ipswich, MA, USA) and 1 μl buffer
per sample. The enzyme cuts at a 5′-C/CGC-3′sequence,
resulting in fragments of different length which determined
the triallelic genotype. The digested fragments were visual-
ized by UV light after 2-h separation at 100 V on a 4%
agarose gel.
Quantitative sensory testing (QST)
Thermal testing and measurement of pressure pain were
performed using the QST protocol from the German
Research Network on Neuropathic Pain (DFNS) [30]. The
DFNS QST protocol uses standardized equipment and
verbal instructions and our center is certified according to
the DFNS standards. Prior to the QST, skin temperature
was measured using a digital infrared temperature scanner
(Omega OS90 series).
Thermal tests were conducted using the thermal sen-
sory analyzer (TSA, Medoc, Israel). The participants were
introduced to the method and underwent a pre-test. The
investigator recited the same information to every partici-
pant and they were told to look away from the test side.
First, the detection thresholds for alternating cold and
warm temperatures were measured. To register any pos-
sible paradoxical heat sensation, the participants were
asked to report the sensation of the temperature (either
cold or warm). Next, cold and warm detection thresholds
(CDT and WDT) and finally the pain thresholds for cold
(CPT) and heat (HPT) were measured. The thresholds
were reached by continuously increasing/decreasing the
temperature by 1°C/s and terminated when the partici-
pants pressed a button. Before each test the thermode
returned to a baseline temperature of 32°C. The contact
area was 3x3 cm and the cut-off temperatures were 0°C
and 50°C. The mean threshold value of three consecutive
measurements was calculated. Additionally we assessed
the stimulus response to thermal stimuli temperatures at
5°C, 15°C, 25°C, 35°C, 42°C and 45°C in randomized
order. Each stimulus was applied for approximately 5 s,
after which the participants rated potential pain on the
VAS (0–100) and characterized the sensation as either
burning hot, warm, neutral, cold or freezing cold. There
was a 10-s pause between each stimulus.A pressure gauge device (Wagner instruments, Greenwich,
USA) was used to measure pressure pain thresholds
over the muscles of the thenar eminence. The pressure was
gradually increased by approximate 0.5 kg/s (≈50 kPa/s)
and terminated when the participants reported a painful
sensation. Mean of three consecutive pressures was
calculated. All QST measurements were assessed with
the participants in a sitting position.
Thermal grill
A thermal grill, developed by Somedic, Sweden, was used.
The grill consists of 8 rectangular thin silver plates
(80 mm× 10 mm× 1 mm) housed in a polyvinylchloride
unit. The temperature of odd and even numbered silver
plates were controlled separately using circulating water
from two baths, one used for cooling and one used for
heating. A switch allowed the circulation to be set so that
odd and even numbered bars were either held at the same
temperature (cold or warm) or alternated between cold
and warm temperatures (i.e. thermal grill condition). The
system was calibrated to achieve approximately 40°C and/
or 10°C at the silver plates. This relatively large tempera-
ture interval between the cold and the warm bars was
chosen to induce a moderately intense thermal grill condi-
tion [20]. A randomization list was used to achieve a
counterbalanced order between the three conditions, i.e.
cold only, warm only and cold and warm (= TG). The
silver plates were set to the correct condition before skin
contact. Participants used the same arm they used for the
QST. They were asked to place their arm on the thermal
grill perpendicular to the long axis of the silver bars a total
of six times, 20 s each time (three tests and three neutral
conditions). Immediately after each stimulus, the partici-
pants characterized the temperature as either burning hot,
hot, neutral, cold or freezing cold, and they were asked to
rate potential pain and intensity of cold and warm stimuli
on a separate 0–100 VAS. To neutralize the skin area, a
stimulus of 32°C for 20 s was used before and between
each stimulus. The participants did not get any informa-
tion about the mechanism, only that the temperatures
could be painful but not injurious. Because of the cooling
equipment (especially the TG), a background noise was
present throughout the investigation. The TG was per-
formed with the participants in standing position.
Capsaicin
A 0.5 ml solution of capsaicin (0.9 mg/ml, 70% ethanol)
or vehicle control (ethanol, 70%) was applied to the skin
surface for 28 min. The solution was dispersed equally
at two plasters (Tegaderm + Pad, 3M) with a total stimu-
lus area of 8.4 × 2.6 cm. One arm was treated with
capsaicin and the other with ethanol as vehicle; the order
and the side were assigned according to a computer-
generated randomization list and were not revealed to the
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was held, always starting with the right arm. The capsaicin
dose was chosen on the basis of preliminary tests and pre-
vious studies [31,32]. The aim was to achieve a concentra-
tion that induced pain, but still allowed the participants to
distinguish between the different temperatures, especially
with respect to the TG assessments.
During the first 20 min of the capsaicin or ethanol
application, the skin was warmed with a heating lamp to a
skin temperature of 36 ± 0.5°C to maintain a continuous
capsaicin-induced pain [16]. The skin temperature was
monitored with an interval of 5 min during the assessment.
Participants scored the intensity of pain and unpleas-
antness every fifth minute during the first 20 min and
after 28 min. The perceived intensities of pain and un-
pleasantness were calculated as the area under the curve.
The heating lamp was removed after 20 min and the
area of mechanical hyperalgesia was determined. Subse-
quently, the participants were asked to rate the intensity
of pain and unpleasantness on the VAS to pinprick and
brush stimuli at the area they reported as most unpleasant/
painful. The plasters were removed after 28 min.
Area of hyperalgesia to pinprick stimuli
Stimuli were induced by a monofilament (Semmes-
Weinstein, Stoelting, IL) with an estimated force of 745 mN
[33]. The filament was applied at least 3 cm from the
periphery of the vehicle area, and the stimulus was re-
peated closer and closer to the area along a line perpen-
dicular to the plasters, with a distance of 1 cm between
each dot. The testing area was mapped with marking
dots on the skin with a felt tip pen before testing. A
total of 14 repetitions were made, with a distance of
2 cm between each, and terminated when the partici-
pants reported an increase in sensitivity [34]. The par-
ticipants were told to look away from the testing area
and were instructed to report any change in sensation
after each repetition, e.g. increase in intensity, pain and
pricking.
The area (A) of hyperalgesia was calculated by adding
the areas of the 14 single repetitions, i.e. A = ∑hi ∗ 2
where hi is the distance from a spot reported as more
intense (h1 + h2 + h3 +… + h14 ) and “2” the distance
between each repetition (in cm) [35].
Pinprick hyperalgesia and brush allodynia
We used the same monofilament for the pinprick stimuli
as for the measurement of area of hyperalgesia. A stan-
dardized brush (Somedic, Sweden, estimated force of
200-400mN) were used for the brush stimuli. The stim-
uli were applied with a single stroke of approximately
2 cm in length over the skin. Both pinprick and brush
stimuli were applied at the area the participants reported
as most unpleasant/painful and they rated intensity ofpain and unpleasantness (VAS). Measurements were per-
formed at both arms, and the participants were told to
look away from the application site during the assessment.
Statistics
Stata for Windows (version 11.2) was used for data analysis.
The data were visually inspected as histograms with corre-
sponding normal curve to test for departure of normality.
Since the majority of the measurements were non-
parametric, data are reported as medians and interquartile
range. The demographic and clinical data are presented as
mean ± standard deviation. The Mann–Whitney U-test was
used to compare the two groups. Pearson’s χ2 and Fisher’s
exact were used on categorical variables between the
groups. P-values <0.05 were considered significant.
Power calculations were done prior to recruitment.
Based on a previous study showing a difference of 2.2°C
in heat pain threshold we aimed to find a difference of
1.8°C in thermal thresholds [10]. With 39 individuals in
each group we would achieve a statistical power >80%
with α = 0.05.
Abbreviations
5-HT: 5-hydroxytryptamine/serotonin; 5-HT1A: Serotonin receptor 1A;
HTR1A: Serotonin receptor 1A gene; 5-HT2c: Serotonin receptor 2C;
5-HTT: Serotonin transporter; 5-HTTLPR: Polymorphic region in the promoter
region of 5-HTT; AUC: Area under the curve; CDT: Cold detection threshold;
CPT: Cold pain threshold; DFNS: German Research Network on Neuropathic
Pain; GAD: General anxiety disorder; HPT: Heat pain threshold; MDI: Major
depression inventory; PCR: Polymerase chain reaction; PPT: Pressure pain
threshold; QST: Quantitative sensory testing; SNP: Single nucleotide
polymorphism; TG: Thermal grill; TRPV1: Transient receptor vanilloid 1;
TSA: Thermal sensory analyzer; VAS: Visual analog scale; WDT: Warm
detection threshold.
Competing interests
The authors declare that they have no competing interests.
Authors’ contributions
ELS designed, conducted and performed data analysis of the study and
prepared the manuscript. EHA assisted in data analysis and manuscript
preparation. DD assisted in manuscript preparation. ADB assisted with
manuscript preparation. PS assisted with initial study design and manuscript
preparation. NBF designed and assisted with the data analysis of the study
and finished manuscript preparation. All authors read and approved the
final manuscript.
Acknowledgements
The study was supported by The Danish Council for Independent Research
(DFF_1333-00002A) and Aase and Ejnar Danielsen’s Foundation, and the
DNA genotyping was supported by MindLab. We wish to thank Cathrine
Baastrup for assisting in blinding of the study and Helle O. Andersen for
proofreading.
Author details
1Danish Pain Research Center, Aarhus University Hospital, Norrebrogade 44,
Building 1A, DK-8000 Aarhus C, Denmark. 2Department of Biomedicine and
Center for Integrative Sequencing (iSEQ), Aarhus University, DK-8000 Aarhus
C, Denmark. 3Section of Clinical Oral Physiology, Department of Dentistry,
Aarhus University, Aarhus, Denmark. 4Scandinavian Center for Orofacial
Neurosciences (SCON), DK-8000 Aarhus C, Denmark.
Received: 2 September 2014 Accepted: 19 November 2014
Published: 4 December 2014
Schaldemose et al. Molecular Pain 2014, 10:76 Page 9 of 9
http://www.molecularpain.com/content/10/1/76References
1. Leknes S, Tracey I: A common neurobiology for pain and pleasure.
Nat Rev Neurosci 2008, 9(4):314–320.
2. Rhudy JL, Williams AE, McCabe KM, Russell JL, Maynard LJ: Emotional
control of nociceptive reactions (ECON): do affective valence and arousal
play a role? Pain 2008, 136(3):250–261.
3. Coghill RC: Individual differences in the subjective experience of pain: new
insights into mechanisms and models. Headache 2010, 50(9):1531–1535.
4. Eide PK, Hole K: The role of 5-hydroxytryptamine (5-HT) receptor
subtypes and plasticity in the 5-HT systems in the regulation of
nociceptive sensitivity. Cephalalgia 1993, 13(2):75–85.
5. Fon EA, Edwards RH: Molecular mechanisms of neurotransmitter release.
Muscle Nerve 2001, 24(5):581–601.
6. Lindstedt F, Berrebi J, Greayer E, Lonsdorf TB, Schalling M, Ingvar M, Kosek E:
Conditioned pain modulation is associated with common polymorphisms
in the serotonin transporter gene. PLoS One 2011, 6(3):e18252.
7. Horjales-Araujo E, Demontis D, Lund EK, Vase L, Finnerup NB, Borglum AD,
Jensen TS, Svensson P: Emotional modulation of muscle pain is
associated with polymorphisms in the serotonin transporter gene. Pain
2013, 154(8):1469–1476.
8. Treister R, Pud D, Ebstein RP, Laiba E, Gershon E, Haddad M, Eisenberg E:
Associations between polymorphisms in dopamine neurotransmitter
pathway genes and pain response in healthy humans. Pain 2009,
147(1–3):187–193.
9. Kosek E, Jensen KB, Lonsdorf TB, Schalling M, Ingvar M: Genetic variation in
the serotonin transporter gene (5-HTTLPR, rs25531) influences the
analgesic response to the short acting opioid Remifentanil in humans.
Mol Pain 2009, 5:37-8069–5-37.
10. Lindstedt F, Lonsdorf TB, Schalling M, Kosek E, Ingvar M: Perception of
thermal pain and the thermal grill illusion is associated with
polymorphisms in the serotonin transporter gene. PLoS One 2011,
6(3):e17752.
11. Heils A, Teufel A, Petri S, Stober G, Riederer P, Bengel D, Lesch KP: Allelic
variation of human serotonin transporter gene expression. J Neurochem
1996, 66(6):2621–2624.
12. Wendland JR, Martin BJ, Kruse MR, Lesch KP, Murphy DL: Simultaneous
genotyping of four functional loci of human SLC6A4, with a reappraisal
of 5-HTTLPR and rs25531. Mol Psychiatry 2006, 11(3):224–226.
13. Potvin S, Larouche A, Normand E, de Souza JB, Gaumond I, Marchand S,
Grignon S: No relationship between the ins del polymorphism of the
serotonin transporter promoter and pain perception in fibromyalgia
patients and healthy controls. Eur J Pain 2010, 14(7):742–746.
14. Hooten WM, Hartman WR, Black JL 3rd, Laures HJ, Walker DL: Associations
between serotonin transporter gene polymorphisms and heat pain
perception in adults with chronic pain. BMC Med Genet 2013, 14:78-2350–14-78.
15. Tominaga M, Caterina MJ, Malmberg AB, Rosen TA, Gilbert H, Skinner K,
Raumann BE, Basbaum AI, Julius D: The cloned capsaicin receptor
integrates multiple pain-producing stimuli. Neuron 1998, 21(3):531–543.
16. Koltzenburg M, Lundberg LE, Torebjork HE: Dynamic and static
components of mechanical hyperalgesia in human hairy skin.
Pain 1992, 51(2):207–219.
17. Gottrup H, Hansen PO, Arendt-Nielsen L, Jensen TS: Differential effects of
systemically administered ketamine and lidocaine on dynamic and static
hyperalgesia induced by intradermal capsaicin in humans. Br J Anaesth
2000, 84(2):155–162.
18. Thunberg T: Förnimmelserna vid till samma ställe lokaliserad, samtidigt
pågående köld- och värmeretning, Uppsala Läkareförenings Förhandlinger.
Upsala, Sweden: Akademiska Boktryckeriet; 1896:489–495.
19. Leung A, Shukla S, Li E, Duann JR, Yaksh T: Supraspinal characterization of
the thermal grill illusion with fMRI. Mol Pain 2014, 10:18-8069–10-18.
20. Bouhassira D, Kern D, Rouaud J, Pelle-Lancien E, Morain F: Investigation of
the paradoxical painful sensation (‘illusion of pain’) produced by a
thermal grill. Pain 2005, 114(1–2):160–167.
21. Kern D, Pelle-Lancien E, Luce V, Bouhassira D: Pharmacological dissection of
the paradoxical pain induced by a thermal grill. Pain 2008, 135(3):291–299.
22. Caterina MJ, Schumacher MA, Tominaga M, Rosen TA, Levine JD, Julius D:
The capsaicin receptor: a heat-activated ion channel in the pain
pathway. Nature 1997, 389(6653):816–824.
23. Fillingim RB, Maixner W, Girdler SS, Light KC, Harris MB, Sheps DS, Mason
GA: Ischemic but not thermal pain sensitivity varies across the menstrual
cycle. Psychosom Med 1997, 59(5):512–520.24. Tousignant-Laflamme Y, Marchand S: Excitatory and inhibitory pain
mechanisms during the menstrual cycle in healthy women. Pain 2009,
146(1–2):47–55.
25. Riley JL 3rd, Robinson ME, Wise EA, Price DD: A meta-analytic review of
pain perception across the menstrual cycle. Pain 1999, 81(3):225–235.
26. Lindstedt F, Karshikoff B, Schalling M, Olgart Hoglund C, Ingvar M, Lekander
M, Kosek E: Serotonin-1A receptor polymorphism (rs6295) associated
with thermal pain perception. PLoS One 2012, 7(8):e43221.
27. Brasch-Andersen C, Moller MU, Christiansen L, Thinggaard M, Otto M,
Brosen K, Sindrup SH: A candidate gene study of serotonergic pathway
genes and pain relief during treatment with escitalopram in patients
with neuropathic pain shows significant association to serotonin
receptor2C (HTR2C). Eur J Clin Pharmacol 2011, 67(11):1131–1137.
28. Bech P, Licht RW, Stage KB, Abildgaard W, Bech-Andersen G, Søndergaard S,
Martiny K: Rating Scales for Affektive Lidelser. 2nd edition. Hilleroed, Denmark:
Psykiatrisk Forskningsenhed; 2005.
29. Horjales-Araujo E, Demontis D, Lund EK, Finnerup NB, Borglum AD, Jensen
TS, Svensson P, Vase L: Polymorphism in serotonin receptor 3B is
associated with pain catastrophizing. PLoS One 2013, 8(11):e78889.
30. Rolke R, Baron R, Maier C, Tolle TR, Treede RD, Beyer A, Binder A, Birbaumer
N, Birklein F, Botefur IC, Braune S, Flor H, Huge V, Klug R, Landwehrmeyer
GB, Magerl W, Maihofner C, Rolko C, Schaub C, Scherens A, Sprenger T,
Valet M, Wasserka B: Quantitative sensory testing in the German Research
Network on Neuropathic Pain (DFNS): standardized protocol and
reference values. Pain 2006, 123(3):231–243.
31. Madsen CS, Johnsen B, Fuglsang-Frederiksen A, Jensen TS, Finnerup NB:
Increased contact heat pain and shortened latencies of contact heat
evoked potentials following capsaicin-induced heat hyperalgesia.
Clin Neurophysiol 2012, 123(7):1429–1436.
32. Callsen MG, Moller AT, Sorensen K, Jensen TS, Finnerup NB: Cold
hyposensitivity after topical application of capsaicin in humans.
Exp Brain Res 2008, 191(4):447–452.
33. Finnerup NB, Pedersen LH, Terkelsen AJ, Johannesen IL, Jensen TS: Reaction
to topical capsaicin in spinal cord injury patients with and without
central pain. Exp Neurol 2007, 205(1):190–200.
34. Chassaing C, Schmidt J, Eschalier A, Cardot JM, Dubray C: Hyperalgesia
induced by cutaneous freeze injury for testing analgesics in healthy
volunteers. Br J Clin Pharmacol 2006, 61(4):389–397.
35. Witting N, Svensson P, Arendt-Nielsen L, Jensen TS: Differential effect of
painful heterotopic stimulation on capsaicin-induced pain and allodynia.
Brain Res 1998, 801(1–2):206–210.
doi:10.1186/1744-8069-10-76
Cite this article as: Schaldemose et al.: No association of polymorphisms
in the serotonin transporter gene with thermal pain sensation in
healthy individuals. Molecular Pain 2014 10:76.Submit your next manuscript to BioMed Central
and take full advantage of: 
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at 
www.biomedcentral.com/submit
